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Although traditional analysis of exercise electrocardio- 
graphic (ECG) repoiarization changes depends on visual 
assessment of the magnitude and configuration of ST seg- 
ment depression (l-4), quantitation f findings is a feature of 
computer-based processing of ST segment data (4-8). A 
widely used measurement during computer-assisted exercise 
testing has been the time-voltage integral of ST segment 
depression (the ST integral) (7-16), which estimates the total 
area of repolarization abnormality from the J point to a 
terminal point late in the ST segment. 
However, a recent report (17) found that the ST integral 
measured from the J point to 80 ms after the J point performs 
poorly relative to single-point ST segment depression crite- 
ria that are based on measurements made at 60 ms after the 
J point. Because several studies (4,8,18,19) have demon- 
strated tilat measurement at the J point can reduce the 
accuracy of standard ST depression criteria, it is possible 
that early repolarization data degrade performance of the ST 
integral. Accordingly, this study was designed to evaluate 
the effect ofJ point and early ST segment measurements on 
performance of the ST integral and todefine optimal mea- 
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Two hundred seventy- 
and patients who met he 
entered into one of three clinical groups: one group with a 
low likelihood of coronary artery disease and two groups 
with a high (or certain) likelihood of disease. All subjects and 
patients were assigned to one of the clinical groups before 
examination f the exercise ECG and no study was excluded 
after group assignment. A subset of 150 subjects and patients 
from the total group was included in a recent study (17) that 
examined the effect of beart rate adjustment on test perfor- 
mance of the ST integral for the identification of coronary 
artery disease. 
Normal subjects (Group ). There were 112 normal sub- 
jects (94 men and 18 women) with a mean age + SD of 49 it 
9 years. There were no volunteer subjects in this group, and 
each was referred by a physician for an exercise KG as 
of a comprehensive screening evaluation or as a precau 
ary evaluation before beginning an exercise program. All 
subjects were free of 
disease, were taking n 
on cardiac physical examination, normal blood pressure, and 
a normal ECG at rest. In addition, all subjects were free of 
chest pain during treadmill exercise. On the basis of data of 
Diamond et al. (20) and Diamond and Forrester (21), the age- 
073s1097/93mi.00 
JACC Vol. 22. h. 1 
July 1993:168-74 
retrosternal chest discomfort 
by exertion and relieved by 
branch block or myocardiat in 
ing no medication; amon 
taking salcium channel blocking dru s at the time of exercise 
evaluation. 
ise ECGs were per 
ercise system @&in- 
!ead CM,. All patients exercised acco 
protocol (221, with age-ad.justed argei 
the exercise end point for all studies. 
calculated ST segment amplitudes, measured to the nearest 
IO PV at a point 60 ms after the J point with the end of the 
PR segment as a reference, were obtained in each lead after 
each stage of exercise and at peak exercise; accuracy of this 
measurement has been previously validated in our iabora- 
tory (23,24). 
Exercise tests were evaluated using standard KG crite- 
ria based on the measured amount of ST segment depression 
on thd peak exercise ECG (25). The test result was consid- 
ered positive in the presence of 0. I mV (100 PV) of addi- 
tional horizontal or downsloping ST segment depression. 
The test result was considered negati n the presence of 
ression or if 10.1 
mV of additional horizontal or downsloping ST segment 
depression was present at the end of exercise ~(2% For 
determination of bcih standard and heart rate-adjusted 
criteria, only ST segment depression was used; all ST 
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The degree of stenosis was defined as the greatest percent 
reduction in lumen diameter in any view compared with the 
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Table A. Group @haracteristics and Exercise Performance 
CAD by 
Clinically Normal Clinical Angkt Catheterization 
(n = 1121 p Value (n = 103) p Value (n = 60) p Value* 
Age (yr) 49 r 9 < 0.001 63 2 9 NS 60 t II < 0.001 
Male/female 94118 < 0.001 63140 < 0.05 49111 NS 
Exercise duration (min) 17.9 + 2.1 < 0.001 11.7 2 3.4 < 0.01 10.1 f 3.8 < 0.001 
Proportion of target heart 92 + 8 < 0.001 78 + 13 < 0.001 69+ IO < 0.001 
rate achieved !o/o) 
Peak heart rate (beatslmin) 162 k I5 c 0.001 131 2 22 < 0.001 118 f 18 < 0.001 
ST depression (IV) 44 + 58 < 0.001 157 + 76 < 0.001 227 2 121 < O.OOl 
ST integral @V.s) 
O-80 ms tier the J point 6.1 2 5.1 < U.@Ol 13.3 2 5.8 18.3 2 9.7 < 0.001 
20-80 ms after the J point 3.4 + 3.6 < 0.001 9.3 f 4.5 < 0.001 13.4 + 7.3 < O.OOI 
O-60 ms after the J point 5.5 + 4.2 < 0.001 PI.4 2 4.3 < 0.001 13.8 + 7.4 < 0.001 
20-60 ms tier the J point 2.7 f 2.6 < 0.001 6.5 + 2.9 < 0.001 8.8 f 4.8 < o.ann 
- 
*p value versus clinically normal subjects. ST integral intervals are given for the onset and offset of measurements. Data are el!pressed as mean i SD value 
or number of subjects or patients. CAD = coro:lrry artery disease. 
nearest normal segment. For classification f the number of 
obstructed coronary arteries, disease was considered signif- 
icant when 50% lumen obstruction was present. Left main 
narrowing ~50% was scored as the equivalent of wo-vessel 
disease (17,18,25). According to these criteria, there were 7 
patients with one-vessel disease, 18 patients with two-vessel 
disease and 35 patients with three-vessel disease. Seven 
patients had left main coronary artery disease, including one 
patient with additional two-vessel disease and six with 
additional three-vessel disease. 
atia analysis and statisti methods. Definitions of test 
sensitivity and specificity conform to standard usage (28). 
Test specificity for each method was defined in the 112 
clinically normal but nonvolunteer subjects (Group I). Be- 
cause of the highly referred nature of our patients under- 
going angiography and the known and potential effects of 
referral bias on selection for angiography (29,30), test sensi- 
tivity was assessed in all 163 patients with known or likely 
coronary artery disease (Groups 2and 3). Comparison oftest 
sensitivity ofthe ST integral at each measuring terval was 
performed using partitions with a matched specificity, em- 
ploying McNemar’s modification of the chi-square method 
for paired proportions. Because sensitivity and specificity of
a test are dependent on the partition value chosen for test 
positivity, test accuracy of each ST integral was also com- 
pared using receiver operating characteristic curve analysis. 
Receiver operating characteristic curves were compared 
statistically by means of a univariate 2 score test of the 
difference between the areas under two curves (31). After 
determination f the ST integral with optimal test perfor- 
mance and calculation ofthe ST/heart rate integral, sensitiv- 
ity and overall test accuracy of the ST integral were com- 
pared with standard test criteria nd ST segment depression 
at peak exercise. Performance ofthe ST/heart rate integral 
was compared with the ST/heart rate index and the ST/heart 
rate slope. 
Meals, values for all findings are reparted with the stan- 
dard deviation as the index of dispersion. 
between groups were compared by one-way analysis af 
variance, with posthoc testing of individual group differ- 
ences by the Ssheffe F test. Subgroup roportions were 
compared by chi-square analysis with correct for conti- 
nuity. For all comparisons, a pvalue < 0.05 wa quired for 
rejection of the null hypothesis. 
higher heart rate and had lower mean ST depression and ST 
integral measurements than did patLts with typical angina 
or proved coronary artery disease. Among patients with 
known or suspected coronary disease, thore referred to 
angiography and found to have coronary disease were more 
commonly men, achieved a lower maximal heart rate and a 
lower percent of target heart rate and had higher mean ST 
depression and ST integral values than did patients with 
typical angina. However, gender distribution was similar in 
clinically normal subjects and in patients with coronary 
disease at angiography, and patients with coronary disease 
were similar to patients with clinical angina with respect to 
age and exercise duration. 
t interval on accuracy of 
integral. The effect of varying the timing of ST segment 
measurement o set on test performance of the ST integral is
examined inFigures 1and 2. At a matched spec 
in clinically normal subjects, incorporation of
surements into the ST integral significantly reduced test 
performance. The ST integral meas 
between the J point and 80 ms after 
J point to 60 ms after the J point was significantly less 
sensitive (31% [50 of 1631 and 25% [41 of 1631) than was the 
ST integral measured from 20 ms after the J point to either 80 
or 60 ms after the J point (39% [64 of 1631, p < 0.001 and 31% 
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of the ST/heart rate integral. At a matched specificity of 
95%, test sensitivity of a previously established (25) ST/heart 
rate index partition of I A PVlbeat per min (90% [ 147 of 1631) 
was significantly greater than the 82% sensitivity of the 
ST/heart rate integral (p < O.OOS), aswas the 94% (153 of 
163, p < 0.001) sensitivity of a previously defined (25) 
ST/heart ate slope partition of 2.4 yVkeat per min with 94% 
specificity. Comparison of receiver operating characteristic 
curves further confirmed the superior overall performance of 
the ST/heart rate slope and the ST/heart rate index relative 
to the ST/heart rate integral (Fig. 4). 
ssion 
These data demonstrate that incorporation of J point ST 
segment measurements in the calculation of the ST integ:a! 
reduces test performance for the identification of coronary 
artery disease. These findings are consistent with prior 
observations (4,8,18,19) that J point data can reduce the test 
accuracy of other standard exercise ECG criteria. The 
additional strong dependence of ST integral accuracy on 
inch:z;lon of ST segment measurements between 60 and 
80 ms after the J point, together with the superior test 
performance of ST segment depression measured at 60 ms 
after the J point (8,18), suggest that optima! measurement of 
ischemic ECG repolarization should exclude early phase 
repolarization changes. 
Effect of measurement i terval on ST integral accuracy. 
Performance haracteristics of the ST integral can be mark- 
edly affected by the prevalence and magnitude ofupsloping 
ST segment depression i groups used to define test sensi- 
tivity and specificity. The magnitude ofupsloping ST depres- 
sion in turn is strongly dependent on selection of the ST 
segment measurement point (18). Although an increase in
the magnitude of J point depression during exercise is 
common in normal subjects who have rapidly upsloping ST 
segments, this finding is less common in patients who have 
coronary artery disease (8,32,33). Consequently, the magni- 
tude of the ST integral is increased in normal subjects more 
than in patients with coronary disease when J point mea- 
surements are included. Because this effect reduces the 
difference between groups, inclusion of J point measure- 
ments reduces the test accuracy of the ST integral for 
identifying coronary artery disease. This f nding is consistent 
with the previously demonstrated (i3,1&) lower test accuracy 
of simple ST segment depression when measured at t 
point. 
At the other end of the measurement i erval, d
are increased between areas from upsloping ST d 
in normal subjects and from prolonged horizontal or 
downslopicg ST depression in patients with myoc 
ischemia when information between 60 and 80 ms afte 
point is incorporated in the ST integral. According!y, im- 
proved performance of the ST integrai resulted from mea- 
surement between 20 and 80 ms after thz J point; these 
Figure 4. Receiver operating characteristic curves comparing over- 
all performance of the ST Integral measured from 20 to 80 ms after 
the J point, ST segment depression, the ST/heart rate (ST/ 
integral, the ST/heart rate index and the ST/heart rate slope. *p < 
0.05 versus the ST/heart rate index and the ST/heart rate slope: 
**p < 0.0001 versus the ST/heart rate integral, ST/heart rate index 
and the ST/heart rate slope. 
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The differences intest 
t 60 ms after the J point. Thus, inclusion of 
ear!y repolarization phase measurements in the calculatio 
of the ST integral may reduce test pe 
simple ST depression criteria measure 
point (17,lg). 
The present stltdy ako extends our previous observation 
(17) that simple heart rate adjustment of the ST integral 
improves test performance r lative to unadjusted ST integral 
measurements. In addition, although our earlier study (17) 
demonstrated only trends toward superior pe ante of 
heart rate-adjusted criteria based ST segment depression 
rather than on the ST integral, 
strates ig antly greater accuracy of both the ST/heart 
rate slope the ST/heart rate index than the ST/heart rate 
integral in an expanded group of patients. Thus, it would 
appear that use of early ST measurements in the ST integral 
also adversely affects test performance of the ST/heart rate 
integral relative to heart rate-adjusted ST segment depres- 
sion criteria. These observations confirm the simiiar adverse 
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